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DESCRIPTION 

VALVE -REGULATED LEAD- ACID BATTERY 

Technical Field 

The present invention relates to a valve -regulated 
lead- acid battery. 

Background Art 

With the development of information equipment such 
as communications equipment, there has recently been a demand 
for lead-acid batteries having a high voltage and a high 
capacity as the batteries used in such equipment. At the same 
time, there has also been a demand to reduce the maintenance 
work of lead-acid batteries and, particularly, prolong their 
life. 

To meet such demands, many proposals have 
conventionally been made on valve-regulated lead-acid 
batteries . Maintenance work reduction is made by causing an 
electrolyte to be substantially contained in the micropores of 
a positive electrode plate, a negative electrode plate and a 
mat separator made of glass fiber, and causing the negative 
electrode plate to absorb oxygen gas generated from the 
positive electrode plate in the last stage of charging. This 
can suppress the electrolysis of water, thereby preventing the 
loss of the electrolyte. 
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Meanwhile, in valve -regulated lead-acid batteries, a 
free electrolyte does not exist in some cases, or the amount 
of the electrolyte is limited to a minimum in other cases. 
Thus, when a battery is used, the battery can be placed in 
free orientations; for example, it may also be placed sideways 
for use. With respect to large- sized batteries, in particular, 
a plurality of batteries that are placed sideways with their 
terminals at the front may be electrically connected in series , 
to be used as a battery set. 

As for the prolongation of battery life, the 
pressure exerted on the electrode plate group is usually 
heightened to press the positive electrode active material by 
the separator, thereby suppressing the expansion of the 
positive electrode active material and preventing the 
separation of the positive electrode active material. However, 
with an increase in battery size, it has become difficult to 
exert an adequate pressure on the electrode plate group and 
maintain such a state even when the material of the battery 
container is changed or the battery container walls are 
thickened for strengthening the battery container. Further, 
in recent years, long-life batteries with a lifespan of 10 
years or more have been required. 

In lead- acid batteries, the corrosion of their 
positive electrode current collector due to oxidation 
progresses as the period of use becomes longer. Consequently, 
the cross -sectional area of the positive electrode current 
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collector is decreased, thereby impairing the conductivity of 
the whole positive electrode plate. This results in 
degradation in voltage characteristics during high rate 
discharge of the battery. If such corrosion of the positive 
electrode current collector proceeds further, this will 
ultimately lead to breaking of the positive electrode current 
collector itself. As a result, the battery capacity decreases 
rapidly, and the battery reaches the end of its life. 

In valve -regulated lead-acid batteries, the oxygen 
gas generated from the positive electrode plate is absorbed by 
the negative electrode plate, as described above, so that the 
scattering and discharging of the oxygen gas to the outside of 
the battery is suppressed. However, if the amount of gas the 
negative electrode plate can absorb is smaller than the amount 
of the oxygen gas generated at the positive electrode plate, 
the oxygen gas inside the battery is discharged to the outside 
of the battery, resulting in a decrease in the electrolyte. 
In contrast, if the negative electrode plate has a sufficient 
oxygen -gas absorbing ability, the battery voltage lowers 
during charge and the charge current increases during constant 
voltage charge. This promotes the above -described corrosion 
of the positive electrode current collector, thereby 
shortening the battery life. 

As a method for preventing such corrosion of the 
positive electrode current collector, it is known to use a Pb- 
Ca-Sn alloy for the positive electrode current collector and 
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increase the Sn content in this alloy to make the alloy 
crystals finer. For example, Japanese Laid-Open Patent 
Publication No. Hei 11-40186 discloses that the Sn content in 
the alloy constituting the positive electrode current 
collector is set to 1.05 to 1.50 % by mass, in order to 
suppress the corrosion of the positive electrode current 
collector which is remarkable when the ratio of the positive 
electrode active material amount to the negative electrode 
active material amount is set to a relatively small range of 
0.69 to 0.75. 

However, such adjustments in the ratio of the 
positive electrode active material amount to the negative 
electrode active material amount and the specific surface area 
of the negative electrode active material can suppress a 
thermal runaway due to increased trickle current and battery 
life shortening, but these techniques only are not sufficient 
in cases a long life of 10 years or more is required. 

Further, when a plurality of such batteries are 
connected in series to form a battery set having a voltage 
high enough to back-up a commercial power source, if there are 
large variations in the gas -absorbing abilities of the 
negative electrodes of the batteries, the charge voltages of 
the batteries vary. In this case, some batteries of the 
battery set become insufficiently charged or overcharged, 
which become factors causing a rapid shortening of the life of 
the whole battery set. 
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In order to solve the above-mentioned problems, it 
is therefore an object of the present invention to provide a 
valve -regulated lead- acid battery that is particularly 
suitable for use as a back-up power source and that has a 
stable long life. 

Disclosure of Invention 

A valve -regulated lead-acid battery in accordance 
with the present invention includes: an electrode plate group; 
and an electrolyte impregnated into and retained by the 
electrode plate group. The electrode plate group includes: 
positive electrode plates that each include a positive 
electrode current collector comprising a Sn- containing lead 
alloy, and a positive electrode active material retained by 
the positive electrode current collector; negative electrode 
plates that each include a negative electrode current 
collector comprising a lead alloy, and a negative electrode 
active material retained by the negative electrode current 
collector; and separators. It is characterized in that the Sn 
content in the positive electrode current . collector is 1.1 to 
3.0 % by mass, and that the pore volume per unit mass of the 
negative electrode active material is 0.115 to 0.150 cm 3 /g. 

It is preferred that the Sn content in the positive 
electrode current collector be 1.6 to 2.5 % by mass. 

It is preferred that part of the electrolyte be a 
free electrolyte that is free from the electrode plate group, 
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and that the free electrolyte be in contact with the 
separators . 

Brief Description of Drawings 

FIG. 1 is a graph showing the relation between the 
pore volume of a negative electrode active material and 
trickle current; and 

FIG, 2 is a graph showing the relation between the 
pore volume of the negative electrode active material and 
trickle life. 

Best Mode for Carrying Out the Invention 

The present invention relates to a valve -regulated 
lead-acid battery including: an electrode plate group; and an 
electrolyte impregnated into and retained by the electrode 
plate group. The electrode plate group includes: positive 
electrode plates that each include a positive electrode 
current collector comprising a Sn- containing lead alloy, and a 
positive electrode active material retained by the positive 
electrode current collector; negative electrode plates that 
each include a negative electrode current collector comprising 
a lead alloy, and a negative electrode active material 
retained by the negative electrode current collector; and a 
separator. Therein, the Sn content in the positive electrode 
current collector is 1.1 to 3.0 % by mass, and the pore volume 
per unit mass of the negative electrode active material is 
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0.115 to 0.150 cm 3 /g. 

In this way, when the pore volume of the negative 
electrode active material is regulated to 0.115 to 0.150 cm 3 /g, 
the negative electrode plate has an excellent gas -absorbing 
ability, so that the oxygen gas generated at the positive 
electrode plate is absorbed by the negative electrode plate in 
a reliable manner. However, during trickle charge, the charge 
current (trickle current) increases, and the positive 
electrode current collector is susceptible to corrosion. 
Therefore, according to the present invention, by further 
increasing the Sn content of the positive electrode current 
collector to 1.1 to 3.0 % by mass, the alloy crystals of the 
current collector are made finer, thereby suppressing the 
corrosion of the current collector. This makes it possible to 
obtain a lead-acid battery having a stable long life. 

Also, the negative electrode plate according to the 
present invention allows gas absorption reaction to proceed 
stably. Hence, when a plurality of batteries according to the 
present invention are connected in series as unit batteries to 
form a battery set, the charge voltages of the respective 
batteries exhibit reduced variations, so that the shortening 
of the life of the battery set caused by the variations can be 
suppressed. 

As the positive electrode current collector, a Pb-Sn 
alloy, a Pb-Ca-Sn alloy or the like is used. 

Further, it is more preferred that the Sn content in 
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the positive electrode current collector be 1.6 to 2.5 % by 
mass, since the trickle life characteristics are particularly 
excellent . 

The lead alloy used in the negative electrode 
current collector is not particularly limited; however, from 
the viewpoint of grid strength, it is preferred to use a Pb 
alloy, such as a Pb-Ca alloy, a Pb-Sn alloy, or a Pb-Ca-Sn 
alloy, which includes an element that does not substantially 
decrease the hydrogen overvoltage of Pb, such as Ca or Sn. 

Further, it is more preferred that the pore volume 
per unit mass of the negative electrode active material be 
0.13 to 0.15 cm 3 /g, since the trickle life characteristics are 
particularly excellent. 

An example of a method for controlling the pore 
volume of the negative electrode active material is a method 
of adjusting the amounts of water and sulfuric acid to be 
added when an active material of a raw material lead powder is 
kneaded in the process of preparing a negative electrode 
active material. 

The positive electrode plate and the negative 
electrode plate can be obtained by applying a positive 
electrode paste and a negative electrode paste onto the 
positive electrode current collector and the negative 
electrode current collector, respectively, by an ordinary 
method, and then curing and drying them. The positive 
electrode paste can be obtained, for example, by adding 
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predetermined amounts of water and dilute sulfuric acid to a 
raw material lead powder (a mixture of lead and a lead oxide) 
and kneading the resultant mixture. Also the negative 
electrode paste can be obtained, for example, by adding a 
lignin compound or barium sulfate as an expander to a raw 
material lead powder, further adding predetermined amounts of 
water and dilute sulfuric acid, and kneading the resultant 
mixture. 

As the separator, for example, a glass fiber mat 
capable of impregnating and retaining an electrolyte is used. 

Also, it is preferred that part of the electrolyte 
be a free electrolyte that is free from the electrode plate 
group, and that the free electrolyte be in contact with the 
separator. Therein, being free from the electrode plate group 
refers to a state in which the amount of the electrolyte is 
larger than the amount the electrode plate group is capable of 
retaining, i.e., part of the electrolyte existing outside the 
electrode plate group without being retained inside the 
electrode plate group. In such a state, the ratio (A/B) of 
the volume (A) of the pore inside the separator to the volume 
(B) of the electrolyte impregnated and retained in the pore 
can be kept constant. Accordingly, the oxygen gas 
permeability of the separator becomes stabilized, thereby 
making it possible to further suppress the variations in 
oxygen gas absorption reaction in the negative electrode. 
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Example 1 and Comparative Example 1 

(i) Preparation of positive electrode plate 

Using a Pb-Ca-Sn alloy containing 0.08 % by mass of 
Ca and x % by mass of Sn, positive electrode current 
collectors having a length of 460 mm, a width of 150 mm, a 
thickness of 7.0 mm, and a weight of 950 g were obtained by a 
casting process. At this time, the Sn content x in the 
positive electrode current collector was varied such that 
x=0.6, 0.8, 1. 1, 1.6, 2.2, 2.5, 3.0, 3.5. The respective 
positive electrode current collectors thus obtained were named 
current collectors A to H. 

Meanwhile, a positive electrode paste was obtained 
by adding predetermined amounts of water and dilute sulfuric 
acid to a raw material lead powder (a mixture of lead and a 
lead oxide) and kneading the resultant mixture. 

The positive electrode paste of 1640 g obtained in 
the above manner was applied to the positive electrode current 
collectors A to H and was cured and dried by an ordinary 
method, to produce positive electrode plates A to H. 

(ii) Preparation of negative electrode plate 

A negative electrode paste was obtained by adding 
predetermined amounts of water and sulfuric acid to a raw 
material lead powder to which predetermined amounts of lignin 
and barium sulfate were added as additives, and kneading the 
resultant mixture. At this time, in order to obtain negative 
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electrode active materials having different pore volumes, the 
amounts of water and sulfuric acid to be added to the raw 
material lead powder were varied. 

Using a Pb-Ca alloy containing 0.08 % by mass of Ca, 
negative electrode current collectors having a length of 460 
mm, a width of 150 mm, a thickness of 3.8 mm, and a weight of 
640 g were obtained by a casting process. 

The negative electrode paste of 1120 g obtained in 
the above manner was applied to the negative electrode current 
collectors thus obtained and was cured and dried by an 
ordinary method, to produce negative electrode plates. 

These negative electrode plates were assembled into 
a battery which will be described later, and the battery was 
charged for formation. Thereafter, the pore volumes of the 
negative electrode active materials were measured with a 
porosimeter. As a result, the pore volumes of the negative 
electrode active materials in these negative electrode plates 
were 0.090, 0.110, 0.115, 0.120, 0.130, 0.150, 0.160 and 0.200 
cm 3 /g. 

(iii) Fabrication of battery 

Twelve positive electrode plates and thirteen 
negative electrode plates obtained in the above manner were 
alternately stacked, with separators made of a 4.4 mm- thick 
glass fiber mat interposed therebetween, to obtain an 
electrode plate group. The electrode plate group was then 
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placed in a battery container. At this time, pressure was 
applied to the electrode plate group such that the separators 
were compressed in their thickness direction by a pressure of 
10 kgf/dm 2 . Thereafter, the battery container was covered with 
a lid equipped with a safety valve. The battery container and 
the lid used therein were the same as conventional ones. 
Subsequently, dilute sulfuric acid was injected into the 
battery, and the battery was charged for formation, to produce 
a 2V-1200Ah battery. After the charge for formation, the 
specific gravity of the electrolyte was 1.310 g/cm 3 , and all 
the electrolyte was retained by the electrode plate group, so 
that there was substantially no free electrolyte. Also, the 
amount of the electrolyte was 13300 ml per 1 cell. 

In the above process, batteries, each configured 
by combining positive electrode plates A and negative 
electrode plates having one of the different pore volumes, 
were named battery group A. Likewise, battery groups, 
configured by combining positive electrode plates B to H and 
negative electrode plates having different pore volumes, were 
named battery groups B to H, respectively. 

Then, each battery of the battery groups A to H was 
subjected to the following evaluation. 
[Evaluation] 

Evaluation of negative electrode's gas-absorbing ability 
Each battery was trickle -charged at a constant 
voltage of 2.25 V in an atmosphere of 60 *C. Then, at the 
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point of elapse of 48 hours following the start of the charge, 
the charge current (trickle current) value was measured to 
examine the effect of the pore volumes of the negative 
electrodes on the gas -absorbing ability. 
(D Trickle life test 

Each battery was trickle -charged at a constant 
voltage of 2.25 V in an atmosphere of 60 *C. Each time one 
month elapsed, each battery was discharged at a discharge 
current of 0.17 CA until the battery voltage reached 1.75 V, 
to measure its discharge capacity. At the point when the 
discharge capacity decreased to 80% of the initial capacity, 
the battery was determined as having reached the end of its 
life. 

FIG. 1 shows the results of measurement of the 
trickle current at the point of elapse of 48 hours from the 
start of the trickle charge of each battery. 

FIG. 1 shows that when the pore volume of the 
negative electrode active material is 0.115 cm 3 /g or more, the 
trickle current is large. This indicates that the absorption 
of oxygen gas in the negative electrode plate is sufficient 
and stable. The negative electrode active material absorbs 
oxygen gas through an electrolyte film formed on its surface. 
However, if the pore volume of the negative electrode active 
material becomes smaller, the absorption of the oxygen gas 
generated from the positive electrode plate becomes 
insufficient in the negative electrode plate. For this reason, 
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it is thought that the potential of the negative electrode 
plate does not lower, leading to a decrease in the trickle 
current. Therefore, when the pore volume of the negative 
electrode active material is less than 0.115 cm 3 /g, the 
remaining oxygen gas not absorbed by the negative electrode 
plate increases in the cell, causing a rise in inner pressure. 
This rise activates the safety valve, so that the oxygen gas 
is released into the atmosphere. This decreases the water 
content in the electrolyte and heightens the concentration of 
the electrolyte, thereby resulting in shortening of the 
battery life. With regard to the Sn content in the positive 
electrode current collector, this content was found not to 
have a remarkable effect on the trickle current value. 

FIG. 2 shows the results of the trickle life test of 
each battery. 

FIG. 2 shows that the battery groups C to G, in 
which the Sn content in the positive electrode current 
collector is 1 . 1 to 3 . 0 % by mass , produce good trickle life 
characteristics when the pore volume of the negative electrode 
active material is 0.115 to 0.150 cm 3 /g. It indicates that 
among them, the battery groups D to F, in which the Sn content 
is 1.6 to 2.5 % by mass, can produce particularly good trickle 
life characteristics . When the pore volume of the negative 
electrode active material is 0.115 to 0.150 cm 3 /g, the oxygen 
gas absorption reaction becomes stabilized, while the trickle 
current increases. However, since the Pb alloy of the 
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positive electrode current collector contains 1.1 to 3.0 % by 
mass of Sn, the corrosion of the positive electrode current 
collector can be suppressed. 

Upon completion of the trickle life test, the 
batteries were decomposed to examine the condition of their 
electrode plates. In the battery groups A and B, in which the 
Sn content of the positive electrode current collector is less 
than 1.1 % by mass, when the pore volume of the negative 
electrode active material is not less than 0.115 cm 3 /g at 
which the trickle current increases, the positive electrode 
current collector was found to be in an advanced stage of 
corrosion, because the effect of Sn is small. 

Also, in the batteries in which the pore volume of 
the negative electrode active material is less than 0.115 
cm 3 /g, the water content in the electrolyte was decreased, and 
hence, the softening and separation of the positive electrode 
active material due to its pulverization were remarkable. In 
such batteries, although the trickle current value is small, 
the absorption of the oxygen gas in the negative electrode 
plate is insufficient, so that the water content in the 
electrolyte was reduced, and the battery internal resistance 
increased rapidly. Further, the reduced water content caused 
an increase in the sulfuric acid concentration of the 
electrolyte, thereby promoting the softening and separation of 
the positive electrode active material due to its 
pulverization. These are presumed to be the causes of the 
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rapid decline in capacity. However, the corrosion of the 
positive electrode current collectors of these batteries was 
not remarkable. 

Example 2 

In the same manner as in Example 1, negative 
electrode plates in which the pore volume of the negative 
electrode active material was 0.120 cm 3 /g were produced. 
Batteries Al were produced in the same manner as in Example 1, 
except for the use of these negative electrode plates and the 
positive electrode plates E of Example 1. 

Then, 6 batteries Al were connected in series to 
form a battery set Al-12 of 12V, and 24 batteries Al were 
connected in series to form a battery set Al — 48 of 48 V. 

Example 3 

A predetermined amount of the electrolyte was 
further injected into the batteries Al of Example 2. And, 
batteries A2 having a free electrolyte, free from the 
electrode plate group, at the bottom of the battery container, 
were produced. At this time, the amount of the free 
electrolyte was set such that even when the battery was placed 
sideways, the electrolyte did not leak out of the battery 
upon opening of the safety valve and soaked part of the 
separators constituting the electrode plate group. 

Then, a plurality of the batteries A2 were connected 
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in the same manner as in Example 2, to form a battery set A2~ 
12 of 12V and a battery set A2 — 48 of 48 V. 

Comparative Example 2 

In the same manner as in Example 1, negative 
electrode plates in which the pore volume of the negative 
electrode active material was 0.090 cm 3 /g were produced. 
Batteries Bl were produced in the same manner as in Example 1, 
except for the use of these negative electrode plates and the 
positive electrode plates E of Example 1. 

Then, a plurality of the batteries Bl were connected 
in the same manner as in Example 2, to form a battery set Bl— 
12 of 12V and a battery set Bl-48 of 48 V. 

Comparative Example 3 

A predetermined amount of the electrolyte was 
further injected into the batteries Bl of Comparative Example 
2 under the same conditions as those of Example 3. And, 
batteries B2 having a free electrolyte, free from the 
electrode plate group, at the bottom of the battery container, 
were produced. 

Then, a plurality of the batteries B2 were connected 
in the same manner as in Example 2, to form a battery set B2~ 
12 of 12V and a battery set B2 — 48 of 48 V. 

The respective battery sets of Examples 2 and 3 and 
Comparative Examples 2 and 3 obtained in the above manner were 
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charged at a constant voltage of 2.25 V per cell in an 
atmosphere of 60 *C for one month. Then, at the point of elapse 
of one month from the start of the charge, the charge voltages 
of the respective batteries constituting these battery sets 
were measured, to obtain the maximum and minimum values of the 
charge voltage. Table 1 shows the results of the measurement. 
In Table 1, "variation" refers to the difference between the 
maximum and minimum values of the charge voltage. 
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Table 1 



set 
No. 


volume of 

necrative 

electrode 

active 

material 


Oil LXJllLtillL 

Of 

oositive 
electrode 
current 
collector 


Free 
electro- 
lyte 


Charge voltage (V) 
unit battery 


or 




(cm 3 /g) 


(% by 
mass ) 




Maxi- 
mum 
value 


Mini- 
mum 
value 


Varia- 
tion 


Al-12 


0.12 


2.2 


Absent 


2.265 


2.235 


0.030 


Al-48 








2.280 


2.230 


0.050 


A2-12 






Present 


2.255 


2.245 


0.010 


A2-48 








2.260 


2.240 


0.020 


Bl-12 


0.09 




Absent 


2.290 


2.225 


0.065 


Bl-48 








2.310 


2.210 


0.100 


B2-12 






Present 


2.275 


2.230 


0.045 


B2-48 








2.300 


2.220 


0.080 



Table 1 indicates that the battery sets A2~ 12 and 
A2 — 48 of Example 3 have extremely small variations in the 
charge voltages of the respective unit batteries, compared 
with the respective battery sets of Example 2, Comparative 
Example 2 and Comparative Example 3. It also indicates that 
in Comparative Examples 2 and 3, the variations in charge 
voltage are not so remarkable for the battery sets of 12 V 
(battery Bl~ 12 and B2~ 12), but are extremely large for the 
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battery sets of 48 V (battery B2~ 48 and B2~48). 

Such variations in the charge voltages of the unit 
batteries become factors that cause variations in the 
capacities of the unit batteries. When a battery set having 
variations in the capacities of its respective unit batteries 
is discharged, a unit battery having a small capacity has a 
deep discharge and is therefore more susceptible to 
deterioration, so that the capacity of this unit battery 
decreases. Once the capacity begins to decrease, the SOC 
(state of charge) of the unit battery is constantly maintained 
at a low level, leading to insufficient charge. As a result, 
the deterioration further progresses, causing a decrease in 
the discharge voltage of the whole battery set. Further, when 
deteriorated unit batteries are forcibly over discharged, i.e., 
charged reversely, the temperature of the batteries may rise 
abnormally, 

By employing the configuration of unit batteries 
having a free electrolyte as in the battery set of Example 
3, when a plurality of unit batteries are connected in series 
to form a battery set, it is possible to reduce the variations 
in the charge voltages of the unit batteries and suppress the 
degradation in battery performance due to the charge 
variations. 

Industrial Applicability 

As described above, the present invention can 
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provide a valve -regulated lead- acid battery that is 
particularly suitable for use as a back-up power source and 
that has a stable long life, so that the present invention has 
large industrial values. 



